Recent research has suggested that negative stereotypes about aging may have a detrimental influence on older adults' memory performance. This study sought to determine whether stereotype-based influences were moderated by age, education, and concerns about being stigmatized. Possible mechanisms underlying these influences on memory performance were also explored. The memory performance of adults aged 60 to 70 years and 71 to 82 years was examined under conditions designed to induce or eliminate stereotype threat. Threat was found to have a greater impact on performance in the young-old than in the old-old group, whereas the opposite was observed for the effects of stigma consciousness. In both cases, the effects were strongest for those with higher levels of education. Further analyses found little evidence in support of the mediating roles of affective responses or working memory. The only evidence of mediation was found with respect to recall predictions, suggesting a motivational basis of threat effects on performance. These findings highlight the specificity of stereotype threat effects in later adulthood as well as possible mechanisms underlying such effects.
Aging-related stereotypes have always been of interest in the field of gerontology. Relatively recently, however, attention has shifted from what might be characterized as externally driven forces associated with stereotypes (e.g., the effects of being treated in a stereotypeconsistent fashion) to more internally based factors (e.g., the impact of self-knowledge of aging-related stereotypes) (Hertzog & Hultsch, 2000; Hess, 2006) . In the study of memory, a traditional emphasis has been on how aging stereotypes might affect performance through their impact on one's beliefs (e.g., control, self-efficacy) and the subsequent influence of these beliefs on memory-related behaviors, and vice versa (e.g., Lachman, 2000) . More recently, the emphasis has shifted slightly to understanding what might be thought of as more direct influences of stereotypes without specific reference to intervening alterations in beliefs.
The direct influence of stereotypes on memory has been studied in two ways. The first involves implicit (i.e., without the individual's awareness) priming of both positive and negative aging stereotypes. Although results from this body of research have been somewhat mixed (e.g., Stein, Blanchard-Fields, & Hertzog, 2002) , there is evidence that older adults remember less and age differences in performance are exacerbated when negative rather than neutral or positive aging stereotypes are activated (Hess, Hinson, & Statham, 2004; Levy, 1996) . This suggests that older adults' memory performance may be unknowingly affected by subtle cues in the environment that are associated with and activate aging-related schemas.
A second line of research involves more explicit activation of stereotypes, in which individuals are aware of relevant cues. Most of this research has been conducted using the stereotype threat framework developed by Steele (1997; Steele, Spencer, & Aronson, 2002) as a starting point. Stereotype threat occurs in situations where the individual is conscious of the fact that one's behavior may confirm negative views of a group to which one belongs. This can lead to the subjective experience of threat, which, in turn, may negatively affect performance through mechanisms such as increased anxiety or reductions in working memory capacity. Research in this area has suggested that threat may be operative in old age (Chasteen, Bhattacharyya, Horhota, Tam, & Hasher, 2005; Desrichard & Kö petz, 2005; Hess, Auman, Colcombe, & Rahhal, 2003; Hess & Hinson, 2006; Hess et al., 2004; Rahhal, Hasher, & Colcombe, 2001) , with memory performance being negatively affected when cues in the experimental context highlight the stereotype diagnosticity of the test situation. This research has also highlighted the fact that the impact of threat-as reflected in responses to experimental 154 T. M. Hess et al. manipulations designed to induce it-is not universal. The effects appear most evident in those who (a) value their memory (Hess et al., 2003), (b) are at the beginning of what is considered old age (e.g., 60 to 70; Hess & Hinson, 2006) , and (c) subjectively report feelings of threat (Chasteen et al., 2005) . These findings are all consistent with stereotype threat predictions in that the negative effects of threat are most evident in those whose group membership is most salient, who identify with the stereotyped domain, and who consciously experience threat. The first two effects are of particular interest in that they may reflect the ease with which self-stereotypes relating to aging are activated. For example, those who are just entering old age may have relatively heightened sensitivity to their new group membership status and associated cues in the environment (e.g., the Association for the Advancement of Retired Persons begins sending membership forms to people when they turn 50). This may, in turn, make individuals aware of their age-related status and make relevant cues (e.g., listings for senior citizen movie ticket prices) more salient. This, in turn, may make them more susceptible to threat due to the lower thresholds of activation for aging schemas. An important question in this research on stereotype threat and aging concerns the mechanisms underlying the effects. Steele et al. (2002) note a number of different possibilities and also suggest that the operative factor may vary across situations and stereotypes. In aging-related work, Hess et al. (2003) obtained evidence suggesting that threat effects on word list recall were partially mediated by strategy use. This finding is consistent with some other research on stereotype threat (e.g., Quinn & Spencer, 2001 ) and appears to fit with a hypothesis that the negative effects of stereotype threat are in part due to reductions in working memory that affect the efficiency of processing (Croizet et al., 2004; Schmader & Johns, 2003) . Note, however, that later work by Hess and Hinson (2006) failed to replicate this result.
The finding by Chasteen et al. (2005) that subjective experiences of threat negatively influence performance is consistent with another possible mechanism having to do with the disruptive effects associated with anxiety. (It should be noted, however, that this study failed to find systematic effects due to an experimental manipulation of threat.) In particular, the worry component of anxiety has been implicated as mediating threat effects on performance, perhaps through the negative impact of intrusive thoughts on working memory capacity (e.g., Cadinu, Maass, Rosabianca, & Kiesner, 2005) . There is also research on aging that has identified a link between self-reported affect and free recall performance (Hill, van Boxtel, Ponds, Houx, & Jolles, 2005) , suggesting that emotional responses to the test situation may be important influences on older adults' memory performance.
The goal of the present study was to extend our understanding of stereotype-based influences on memory performance in older adults. In particular, we were interested in examining moderators of stereotype threat effects associated with aging as well as the mechanisms underlying such effects. To do so, we tested older adults aged 60 and older using a free recall task used in prior research (e.g., Hess et al., 2003) . Threat was manipulated through a relatively simple procedure in which participants were told either that the test was being used to examine aging effects on memory (threat condition) or that it was constructed so that it controlled for biases that might be associated with age (nonthreat). This manipulation was designed to highlight the diagnosticity of the memory task with respect to stereotyped age-related abilities. In addition, to further enhance the salience of the manipulation, we asked participants in the threat condition to write down their age immediately after reading the task instructions.
As noted before, a primary goal of the present study was to identify moderators of the anticipated negative impact of threat on memory performance. Three primary factors were investigated. First, we predicted that the threat manipulation would have a stronger impact on the performance of those in the younger half of the sample than in the older half. Such a finding would replicate the findings of an initial examination of such effects by Hess and Hinson (2005) using a continuous age range, but the present study provided a more focused test of this hypothesis. Second, and relatedly, we were also interested in whether people who believed that they or members of their group are being stigmatized by others would be more susceptible to threat. Brown and Pinel (2003) examined mathematics performance in women and found that individuals high in stigma consciousness performed worse under conditions of threat than did those who were low in stigma consciousness. Similar to our hypotheses regarding age, high stigma consciousness may increase awareness of threat-related cues in the environment due to decreased threshold of activation for aging self stereotypes. Finally, we also investigated the moderating impact of education, which we assumed might be a proxy for the importance attached to one's cognitive abilities. If true, threat effects on memory should be greater for those with higher levels of education.
We were also interested in examining three types of mechanisms presumed to underlie threat-based effects. The first related to cognitive capacity. Steele and colleagues had hypothesized that threat may impact performance in part by reducing cognitive resources as 156 T. M. Hess et al. individuals focus attention on threat and ways of managing it, thereby reducing available capacity for task performance. Schmader and Johns (2003) found specific support for this by demonstrating reductions in working memory performance following threat. A similar mechanism may underlie anxiety-based effects on performance effects when task-irrelevant thoughts (e.g., worry) occupy working memory and interfere with performance (e.g., Cadinu et al., 2005) .
In the present case, we tested the hypothesis that threat influences performance through cognitive resources by examining working memory capacity using a computation span task. We chose this specific task not only for its ability to tap into working memory, but also because we thought that it might not resemble participants' notion of a typical memory task. This was important because if the task was perceived as one testing memory, then any threat-related effects that may be observed could be attributed to its being perceived as diagnostic of memory ability rather than to capacity reductions. To further influence participants' perceptions of this task, it was never explicitly labeled as one involving memory and instead was referred to as a test of quantitative skills. If threat does affect capacity, then performance on this task should be negatively affected. In addition, variation in performance on this task should account for threatrelated variability on our primary memory task. We also examined strategy use-as reflected in semantic clustering during recall-as a related, but indirect, expression of working memory. The second mechanism of interest involved affective responses. Threat has been hypothesized to be associated with increased negative affect, which in turn may negatively influence performance through associated negative thoughts or increased levels of arousal (Smith, 2004) . We examined this hypothesis by measuring state anxiety during the test session as well as the extent to which individuals were currently experiencing positive or negative affect. The use of these measures was designed to provide a more broad-based approach to assessing affect than has been used in most studies of stereotype threat, where anxiety as been the primary variable of interest. It was expected that threat would be associated with increases in negative affect.
We also examined arousal using skin conductance responses (SCRs) as an index of autonomic nervous system functioning. SCR is associated with threat and exposure to negative stimuli (e.g., Auman, Bosworth, & Hess, 2005; Bradley, Moulder, & Lang, 2005) , and thus was expected to be higher in the threat than in the nonthreat condition. Previous research involving implicit activation of aging stereotypes (Levy, Hausdorff, Hencke, & Wei, 2000) has shown larger increases in SCRs for negative than for positive stereotypes. The present study extends this to a threat-related situation involving activation of aging self-stereotypes through more explicit cues. The hypothesized relationship between physiological markers of arousal and memory also builds on recent reports demonstrating a relationship between stress-related responses and performance in older adults (Neupert, Miller, & Lachman, 2006; Wright, KunzEbrecht, Iliffe, Foese, & Steptoe, 2005) . These studies have found that older adults exhibit stronger responses to cognitive testing situations than do younger adults, and that variations in stress responses are related to performance. In addition, Wright et al. observed that these relationships were stronger for memory tasks than for other cognitive tasks. Such relationships might be thought of in terms of aging-specific threat-related responses to testing situations, particularly when the task involves a strongly stereotyped skill (i.e., memory). Of interest in the present case is the possibility that situational factors (e.g., task instructions) and individual characteristics (e.g., stigma consciousness) might be associated with the strength of such responses and account for individual variability in performance. If threat does negatively influence affective responses, and these factors in turn interfere with performance, it would be expected that variation in subjective reports of affect as well as psychophysiological responses would be predictive of threat effects on memory performance.
Finally, we examined a motivational mechanism in the form of performance expectations. Recent research has suggested that threat effects may be more based in motivational factors than in working memory or affective responses (Desrichard & Kö petz, 2005; Jamieson & Harkins, 2007; Seibt & Fö rster, 2004) . To provide a test of this hypothesis, we had participants predict how well they would do on the memory task, and then examined the role of such predictions in mediating threat effects.
METHODS

Participants
The study sample included 103 adults who responded to recruitment advertisements in the local newspaper, each of whom received $20 for their participation. Participants fell into two broad age groups: (a) young-old-60 to 70 years of age (27 men, 26 women; M age ¼ 64.2) and (b) old-old-71 to 82 years of age (25 men, 25 women;
M age ¼ 75.4). None of these individuals had participated in prior studies in our laboratory.
Materials
Computation Span Task
This task was modeled after that used by Salthouse and Babcock (1991) . Participants were presented with sets of simple arithmetic equations consisting of the addition or subtraction of two numbers. Three sets of three, four, five, six, and seven problems were created. For each set, an answer sheet was created containing three alternative answers for each problem in the set.
Free Recall Task
The memory task was identical to that used in Hess et al. (2003) . The list of 30 to-be-remembered words consisted of five moderate to strong exemplars from each of six different semantic categories. The words were randomly ordered in two vertical columns of 15 words each on a sheet of standard white paper.
Measures of Affective Responses
State anxiety was assessed using the 10-item short form of the state anxiety subscale of the State-Trait Anxiety Inventory (STAI-S; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) . The Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988 ) was used to evaluate participants' current affective states.
Stigma Consciousness
We adapted the Stigma Consciousness Questionnaire (SCQ) developed by Pinel (1999) to examine concerns regarding aging stereotypes. The SCQ consists of 10 items (e.g., ''Stereotypes about older adults have not affected me personally.'') responded to using a 7-point Likert scale (0 ¼ strongly disagree; 6 ¼ strongly agree). Internal consistency for this scale in the present study was reasonable (Cronbach's alpha ¼ .71). Lower scores on the SCQ represented greater stigma consciousness.
Other Measures A standard background questionnaire was used to collect basic demographic data, and health status was assessed using the SF-36 Health Survey (Ware, 1993) . Two additional ability tests were also administered. Processing speed was assessed using Salthouse and Coon's (1994) letter and pattern comparison tasks, and verbal ability was measured with the Vocabulary Test II (parts 1 and 2) from the
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Kit of Factor-Referenced Tests (Ekstrom, French, Harman, & Derman, 1976) .
Equipment
The ProComp Infiniti Model SA 7500 multimodality encoder (Thought Technology, Ltd., 2004) was used to collect SCR data. This unit was connected to a microcomputer using the BioGraph Infiniti Software (Thought Technology, Ltd., 2004) interface, which was used to record and store the psychophysiological data. Responses were collected using two Ag=Ag=Cl electrodes attached to the index and middle fingers of the participant's left hand.
Procedure
Participants were contacted by telephone in order to schedule a time for their participation. A few days prior to testing, they received a packet containing the background questionnaire, SF-36 survey, the SCQ, and several attitudes questionnaires unrelated to the present study. Participants returned the completed questionnaires when they arrived at the laboratory for testing.
Upon their arrival at the laboratory, participants read and signed an informed consent form. The SCR recording devices were then attached to the ring and index fingers of their nondominant hand. The recording unit was then turned on, and data were recorded throughout the test session. Participants were instructed to place their nondominant hand palm down on an outline of a hand on the table in front of them, and were told to try to keep movement of this hand to a minimum. As each new phase of the study was begun, the experimenter pressed the space bar on the computer, which in turn inserted a marker in the electronic record of the test session.
Participants were randomly assigned to the threat and nonthreat conditions. In the young-old group, there were 14 women and 13 men in the threat condition and 13 women and 12 men in the nonthreat condition. In the old-old group, there were 13 women and 12 men in the threat condition and 13 women and 13 men in the nonthreat condition. At the beginning of the session, all participants were informed that we were interested in examining those factors that predict performance on tests of memory ability. In the threat condition, participants were further informed that a primary purpose of the study was to try to explain why younger and older adults perform so differently on memory tests. They then were asked to write down their age on a sheet of paper. In the nonthreat condition, participants 160 T. M. Hess et al. were informed that, in order to eliminate any contaminating factors, the test they were going to take was free of age-related biases such that adults of various ages performed similarly on the test. They were not asked to indicate their age at this point. The PANAS was administered next, with participants being instructed to rate the extent to which each of the 20 items reflected how they felt at the present moment. This was followed by the computation span task, which was described as a measure of quantitative skills in order to minimize the potential bias introduced by using the word ''memory.'' In this task, participants were presented with a series of simple arithmetic problems (e.g., ''7 plus 2''), which were read to them by the experimenter. They then circled the correct answer on the sheet in front of them. Instructions were also given to remember the second number in each problem (e.g., ''2'' in the aforementioned problem). After all the problems at a specific set size were presented, participants turned the answer sheet over and wrote down the second numbers from each of the problems in that set in the order in which they were presented. Participants were given practice with a set size of two, with testing in the primary task proceeding through the three sets at each level from smallest to largest.
State anxiety was assessed next using the STAI-S. The memory test was then described in detail, and participants were asked to predict how many words they would remember. To provide a common anchor for these judgments, they were informed that the average person recalls about 15 words. This reflects the approximate lower bound of performance observed in previous studies (e.g., Hess & Hinson, 2006) , and thus was not an unreasonable standard.
1 It was assumed that the use of the anchor would reduce variability across participants, thereby creating more statistical power to identify threat effects. The memory test was presented next. Participants were allowed to study the list of words for 2 min, after which the list was taken away. They were then given a blank piece of paper and allowed a minimum of 3 min to write down as many words as they could remember. If they were still writing at the end of this period, an additional 30 s was given.
Following the memory task, participants were debriefed. The vocabulary test and letter and pattern comparison tasks were then given, after which participants were paid and thanked for their participation.
RESULTS
Participant characteristics are presented in Table 1 by age group and experimental condition. Prior to testing our hypotheses, we conducted a series of 2 Â 2 (Age Group Â Instructional Condition) analyses of variance (ANOVAs) to see if there were any between-group differences on relevant background characteristics (e.g., education, ability, health) that could affect the results. Notable differences were only found for two variables. Education varied significantly as a function of age, F(1, 99) ¼ 4.54, p ¼ .04, g 2 p ¼ :04, and its interaction with condition, F(1, 99) ¼ 4.56, p ¼ .04, g 2 p ¼ :04. These effects were due to young-old participants in the threat condition having significantly lower levels of education (M ¼ 14.7 years) than those in the other three Age Â Condition groups (Ms ¼ 16.0 to 16.5 years). Processing speed was also related to age, with those in the young-old group exhibiting higher levels of performance than those in the old-old group, F(1, 99)
Memory Performance
In our first set of analyses, we were interested in examining the influence of age, threat condition, stigma consciousness (as indexed Note. SF-36 scores represent norm-based T-scores. Vocabulary scores could range from 0 to 36. Speed scores are means of sample-based standardized scores for the letter and pattern comparison tasks. Stigma consciousness scores could range from 0 to 60, with lower scores reflecting greater stigma consciousness.
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T. M. Hess et al. by SCQ scores), and education on our primary outcome measure: free recall. The first two variables were treated as categorical variables whereas stigma consciousness and education were treated as continuous variables centered through standardization. Given the previously reported group differences, speed was considered as a possible covariate, but its inclusion did not alter any results. Thus, it was not considered further as a covariate.
Free Recall
The proportion of words correctly reported in the free recall task was of primary interest, with one significant effect relating to our threat manipulation emerging from the analysis of these data: a significant
Analyses conducted within age groups revealed that these effects were based in the young-old group, where the Condition Â Education interaction was significant, F(1, 44) ¼ 9.43, p ¼ .01, g 2 p ¼ :18. We were somewhat concerned that this effect was driven by an individual in the threat condition with 12 years of education and whose recall performance was .13 higher than anyone else's. Exclusion of this outlier weakened the effect somewhat, but the interaction was still significant F(1, 43) ¼ 7.69, p ¼ .01, g 2 p ¼ :15 (Figure 1 ). Further examination of performance in the young-old group discovered that the interaction was due to recall decreasing with education in the threat condition (b ¼À .55, p ¼ .01); this relationship was in the opposite direction, but was not significant in the nonthreat group (b ¼ .31, p ¼ .16). Thus, the anticipated threat effect on memory was primarily evident in young-old participants with higher levels of education.
2
The only other significant effect obtained in the main analysis was the Age Â Stigma Â Education interaction, F(1, 87) ¼ 5.07, p ¼ .03, g 2 p ¼ :06. In contrast to the previous effects, this interaction was based in the old-old group, where the Stigma Â Education interaction was significant, F(1, 43) ¼ 7.76, p ¼ .01, g 2 p ¼ :15. To examine this interaction more closely, participants in the old-old group were divided into high-and low-stigma-consciousness groups (based on a median split of SCQ scores). Education was negatively related to 2 It is important to note that the ranges of education across the four Age Â Threat Condition groups were comparable, with a lower bound of 12 years in each of the four groups and a higher bound ranging form 19 to 21. When those individuals with education levels greater than 19 years (n ¼ 4) were excluded from the analyses to equate the ranges of education within groups, the three-way interaction was unaffected.
recall performance in the high-stigma-consciousness group, b ¼À .37, p ¼ .05, but unrelated to performance in the low-stigma-consciousness group, b ¼ .11, p ¼ .59 (Figure 2) . Interestingly, stigma consciousness was not related to performance in the young-old group, although the Condition Â Stigma interaction in this group did approach significance, F(1, 44) ¼ 3.02, p ¼ .09, g 2 p ¼ :06. The power to detect this effect (.40), however, was rather low in the present analysis. Given this fact plus our original interest in this issue, we decided to decompose this interaction by examining the impact of stigma conscious within conditions. Stigma consciousness was unrelated (p ¼ .55) to recall in the nonthreat condition. In contrast, a marginally significant negative relationship between recall and SCQ scores was observed in the threat condition, b ¼À.35, p ¼ .06. This finding is consistent with the expectation that stigma consciousness makes one more susceptible to stereotype threat.
In sum, the effects of stereotypes were evident through the impact of both experimental manipulations of threat and self-reported concerns about aging-related stigma. Interestingly, the threat manipulation only affected performance in young-old participants, whereas the impact of stigma consciousness was stronger in the old-old participants. The impact of both variables, however, was observed primarily at higher levels of education.
Clustering
The other dependent variable obtained from this task was output organization by semantic category during recall, as measured by the adjusted ratio of clustering (ARC; Roenker, Thompson, & Brown, 1971 
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Recall Predictions
Expectations about one's own performance were examined in the same manner as recall. The only significant effects to emerge from this analysis were the main effect of education, F(1, 87) ¼ 16.07, p < .001, g 2 p ¼ :16, and the Condition Â Education interaction, F(1, 87) ¼ 8.41, p ¼ .01, g 2 p ¼ :09. The interaction was decomposed by examining the impact of instructional condition at education levels 1 SD above and below the sample mean. A significant condition effect, F(1, 87) ¼ 4.79, p ¼ .03, was observed at the higher level of education, with predicted recall lower in the threat than in the nonthreat condition (Ms ¼ 10.8 versus 11.4). In contrast, this effect only approached significance at the lower level of education, F(1, 87) ¼ 3.88, p ¼ .06.
Given that education only moderated condition effects in the young-old group when memory performance was examined, we were curious as to whether there was evidence of this same effect in predicted recall. Although the three-way interaction was not significant, we examined predictions within age groups. The results mirrored those with recall, with a significant Education Â Condition interaction being observed in the young-old group, F(1, 44) ¼ 6.05, p ¼ .02, but not in the old-old group, F(1, 43) ¼ 2.43, p ¼ .13. Examination once more of the impact of instructional condition at high and low levels of education within the young-old group revealed that predicted scores were significantly greater in the control than in the threat condition at high levels of education, F(1, 44) ¼ 5.25, p ¼ .03, but not at low levels of education (p ¼ .23).
Hypothesized Mediators
We next performed the same analyses on those measures reflecting constructs representing potential mediators of threat effects.
Working Memory
We first examined performance on the computation span task to test the prediction that threat results in reductions in working memory. Performance was assessed by the total number of items from the equations that were correctly recalled across all set sizes. (The observed effects were similar using alternative ways of scoring, such as highest level at which participants correctly recalled all items from two of the three sequences of equations.) Education was the only factor found to influence performance, F(1, 86) ¼ 15.95, p < .001, g (ps > .23), providing no support for the hypothesis that threat effects operate through working memory.
Self-Reported Affect
Subjective reports reflecting affective responses were available in the form of three measures. Positive and negative affect scores were obtained from the PANAS, whereas state anxiety was indexed by STAI-S scores. Although given at different times during the study (i.e., before and after the working memory task), these measures were significantly intercorrelated (ps < .03), and thus arguably tapping the same affective reaction to the test situation. In addition, the fact that state anxiety and negative affect scores were strongly correlated with each other (r ¼ .50) and similarly correlated with performance on the computation span task (rs ¼À.20 and À.22, respectively) suggests that STAI-S scores did not differentially reflect responses to the working memory task. Therefore, to simplify our analyses, we subjected these three measures to factor analysis, where a single factor relating to negative affect was obtained that accounted for 58% of the variance. Factor loadings were .90 for anxiety, .56 for negative affect, and À.40 for positive affect. Factor scores were then calculated and analyzed in the same fashion as the other dependent measures. A significant main effect of stigma consciousness was obtained, F(1, 87) ¼ 10.49, p ¼ .002, g 2 p ¼ :11, with negative affect increasing with stigma consciousness. Stigma consciousness also interacted with education, F(1, 87) ¼ 5.71, p ¼ .02, g 2 p ¼ :06, with the just-described relationship being significant (p ¼ .001) at low levels of education (i.e., 1 SD below the sample mean), but not at higher levels (p ¼ .76).
The Age Â Condition Â Education interaction just missed significance, F(1, 87) ¼ 3.85, p ¼ .053, g 2 p ¼ :04. As with recall performance, the impact of condition was strongest at the highest levels of education in the young group, where the Condition Â Education interaction approached significance (p ¼ .07); this same effect was not significant in the old group (p ¼ .41). The pattern of performance in the young-old group was similar to that observed for recall, with threat-based effects being stronger at higher levels of education. This was reflected in the positive relation between negative affect and education in the threat condition (b ¼ .16) and a negative relation in the control condition (b ¼ À.41), although neither effect was significant (ps > .10).
Thus, stigma consciousness was related to self-reports of negative affect, with those expressing higher levels of consciousness also reporting greater negative affect. The induction of threat also had a marginal influence on affective responses, as reflected in higher negative affect. Interestingly, as with memory performance, the effects of threat were primarily evident in those with more education in the young-old group.
Psychophysiological Responses
Two summary measures were obtained for SCR during each of four different phases of the test session: baseline, threat instructions, free recall study, and free recall test. The first measure was the mean level of response, whereas the second was variability in this response, as measured by the standard deviation. Given that each phase of testing lasted a different period of time, we decided to use only the first 60 s of data following the start of each phase (e.g., the first 60 s of data following presentation of the word list to the participant in the study phase of the free recall task). Eight data points were available per second, making a total of 480 observations per test phase. Prior to calculating the M and SD for each phase, extreme responses that were 3 SDs above or below a participant's mean were eliminated from consideration. Due to equipment malfunctions, data for 8 participants were lost. The resulting scores were examined using Age Group Â Condition Â Stigma Consciousness Â Education Â Test Phase ANOVAs, with test phase being a repeated measures variable.
We first examined mean SCRs. Initial analyses revealed that the data of two participants-one in each condition-unduly influenced the results of our statistical tests, and thus they were excluded from further consideration. Significant effects were observed for test phase, F(3, 237) ¼ 111.38, p < .001, g 2 p ¼ :59, and its interaction with age group, F(3, 237) ¼ 3.65, p ¼ .01, g 2 p ¼ :04. These effects reflected the facts that (a) SCR increased from baseline to free recall study, and then remained stable through test, and (b) this effect was stronger for the young-old group than for the old-old group. A significant main effect due to condition was also observed, F(1, 79) ¼ 5.73, p ¼ .02, g 2 p ¼ :07, due to mean SCRs being greater in the threat condition (3.12) than in the nonthreat condition (2.31). There was some evidence of those in the threat condition exhibiting stronger responses to the instructional manipulation (Table 2 ), but the interaction between condition and test phase was not significant (p > .20).
Examination of SCR variability ( interaction was obtained. Analyses within conditions revealed that this interaction was due to variations within the threat condition. Variability increased over test phases in both age groups (ps < .01), but stigma consciousness moderated this variability in the old-old group, with variability increasing with stigma consciousness during the first two test phases.
Mediators of Threat Effects on Performance
In our final set of analyses, we were interested in examining potential mediators of threat effects on performance. Given that the relationship between our instructional condition and the primary outcome measure-free recall-varied as a function of age and education, a simple mediation analysis was not possible. Thus, we focused on the young-old group, where there was evidence of some impact of threat.
3 Given the interaction between instructional condition and education, we decided to test for mediated moderation (Muller, Judd, & Yzerbyt, 2005) , which involves determining the mediating process responsible for the moderating impact of education on the threat manipulation. Within the context of our study, there were five potential mediators that we examined: working memory, predicted recall, clustering scores, negative affect, and arousal (i.e., SCR). According to Muller et al., three conditions must occur to demonstrate mediated moderation. First, there must be evidence of moderation in the primary analyses. The interaction between our treatment (instructional condition) and moderator (education) was significant, thereby satisfying this condition, F(1, 47) ¼ 7.33, p ¼ .01, g 2 p ¼ :14. (Education was centered by subtracting the mean for this age group.) Second, a significant effect of the treatment or its interaction with the moderator must be obtained for the hypothesized mediators. This condition was only satisfied for (a) predicted recall, where a significant Education Â Condition effect was obtained, Using the Goodman modification of the Sobel test (see MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002) , we found a significant reduction in the regression coefficient associated with the Education Â Condition interaction when predicted recall was controlled, z ¼ 6.38, p < .001. This finding is consistent with performance expectations mediating between the observed moderated effect of education on condition and memory performance.
DISCUSSION
The present study was designed to extend recent investigations into the impact of stereotype-based influences on memory performance in older adults. Several notable effects emerged from this study. First, relative to our goal of examining moderators of stereotype-based effects on memory, we found that the impact of our threat manipulation on recall was most evident in our young-old group, which included individuals at the early stage (7th decade of life) of what 170 T. M. Hess et al. is thought of as old age in western society. This effect is consistent with age trends observed by Hess and Hinson (2006) . 4 The stronger impact of threat in the 60s could reflect the salience of membership in the stereotyped group of ''older adult,'' which may be particularly high as individuals enter this group. Self-related salience of social categories has been shown to be associated with stronger stereotype-based effects on performance (e.g., Shih, Ambady, Richeson, Fujita, & Gray, 2002) . This salience argument could also explain the fact that the threat manipulation on memory performance increased in strength with increasing education. It is reasonable to assume that those who are higher in education value their cognitive skills the most, and thus might be most susceptible to threats to their ability. Identification with the stereotyped group or domain has been shown to bolster threat effects in past research in a variety of domains (e.g., Hess et al., 2003; Keller, 2007; Schmader, 2002) . Although we did not assess domain identification in the present study, it could be argued that highly educated young-old adults might be most sensitive to and reactive to threat manipulations due to the perceived self-relevance of both the stereotyped group and domain.
This explanation is bolstered somewhat by our examination of affective responses. Specifically, those who were higher in education tended to show higher levels of self-reported negative affect when subjected to threat. It is further bolstered when recall predictions are examined, which are also lower for young-old, highly educated participants under conditions of threat. Threat-based effects on predictions might be viewed as a self-protective mechanism that is consistent with a self-regulatory view of stereotype threat (Seibt & Fö rster, 2004-see below) . The findings with respect to education also fit in with recent research by Neupert et al. (2006) , who found that stress responses to cognitive testing situations were strongest in those older adults with the most education.
We also investigated the effects of stigma consciousness, which Brown and Pinel (2003) found exacerbated the effects of threat on performance. Consistent with this research, we found that threatbased effects in the young-old group were stronger in those with higher levels of stigma consciousness. No such interaction was observed in the old-old group. We did find, however, that stigma consciousness was associated with memory in this group, and that this effect was moderated by education. Thus, in a somewhat similar effect to that observed in the young-old group, concerns about being stereotyped negatively influenced performance, with this impact being greater at higher levels of education. We also found that stigma consciousness was associated with higher levels of negative affect, regardless of age or condition.
The variations in the impact of the two stereotype-related factors across age is interesting, and suggests potential differences in the role of situational versus more trait-like factors. As originally hypothesized, old-old adults may become more immune to situationally based threat factors, perhaps due to decreases in salience of the old-age label or devaluation of stereotyped cognitive skills. General trait-like factors associated with social perceptions, however, might persist and continue to influence performance.
The second major goal of the research was to investigate mechanisms underlying stereotype-based effects on memory performance. We specifically examined the hypothesis that threat has its impact on performance through its impact on working memory, but failed to replicate earlier research by Schmader and Johns (2003) that demonstrated such a linkage. The present failure is especially noteworthy given that the working memory assessment occurred sooner after the threat manipulation than did the main memory task, but that only the latter task exhibited effects associated with threat. It may be possible that the effects on working memory are primarily present in situations in which the stereotyped ability is being assessed. Thus, our attempts to minimize the labeling of the computation span task as one involving memory may have actually reduced threatbased effects by focusing on a skill with minimal associations with the negative aging stereotype. Examination of the Schmader and Johns research revealed that, in two experiments, the working memory task was explicitly linked to the negatively stereotyped skill through labeling and=or task content (e.g., the use of an operation span in examining gender-based stereotypes about mathematical ability). In a third experiment, this linkage was eliminated, and evidence for working memory mediating threat was still obtained. It is noteworthy, however, that the effect size associated with threat on working memory in the examination of gender and mathematical ability was about 40% larger when the operation span task was used than when a working memory task with less obvious relevance to mathematical ability was employed. This does suggest that the effects may be stronger when the task is explicitly linked to the stereotyped 172 T. M. Hess et al. skill, which in turn calls into question the extent to which working memory mediates threat effects on performance. Concurrent assessments of working memory (e.g., divided attention tasks) during primary task performance might prove more beneficial in testing this mediational hypothesis. We also investigated the impact of stereotype threat on affective and psychophysiological responses that have been associated with stress and threat in past research. Little evidence in support of a systematic relationship between threat and these variables was found, however. For example, SCR and variability therein were associated with the instructional manipulation, but no systematic differences in change over time were observed across conditions, as would be expected. As noted before, there was some relationship observed with self-reported negative affect. Subsequent failure to find evidence for a mediating role of these reports, however, suggests that such responses are independent of the mechanisms underlying threat effects on performance. The failure to find strong linkages between these variables and performance is consistent with much other work on stereotype threat (see Smith, 2004) .
Of final interest in the present study were the factors mediating performance across threat-based conditions. Given that instructional condition did not influence performance in all age groups, and that education mediated the impact of condition, analyses of mediated moderation (Muller et al., 2005) were conducted only within the young-old group. Consistent with the primary analyses, there was no evidence for working memory or affective responses serving as mediators of memory performance. In contrast, performance expectations were observed to satisfy the conditions for mediation. Specifically, as with recall, education moderated the impact of instructional conditions, with recall predictions being lower in those with higher levels of education in the threat group. In addition, recall predictions were predictive of performance, and when these relationships were controlled, the interaction between education and condition was reduced to marginal significance. In other words, expectations were related to performance, but these expectations were primarily affected by the threat manipulation in those with high levels of education.
This relationship is consistent with recent findings in the aging literature by Desrichard and Kö petz (2005) , and fits in with a growing body of results consistent with a motivational explanation of stereotype threat effects (e.g., Jamieson & Harkins, 2007; Seibt & Fö rster, 2004) . For example, Seibt and Fö rster presented evidence that threat influences regulatory focus, which in turn affects the manner in which individuals approach a task. Within this framework, negative stereotype activation is thought to result in a prevention focus whereas positive stereotype activation induces a promotion focus. A prevention focus associated with stereotype threat can have either positive or negative effects on performance depending upon the match between the task demands and approach to task associated with prevention. Interestingly, prevention focus is associated with a more cautious approach to task in an effort to reduce errors, which results in less inclusive memory searches (Friedman & Fö rster, 2001; Seibt & Fö rster, 2004) . Lower recall predictions may, in part, be a reflection of such cautiousness, which in turn gets translated into a specific approach to the memory task that results in few mistakes, but low levels of performance. Although the present results appear consistent with a regulatory focus explanation, further research is necessary using experiments specifically designed to test this hypothesis.
In conclusion, the present study extends our understanding of moderators of and mechanisms underlying stereotype threat effects on memory in adulthood. Age, education, and stigma conscious were all found to moderate the impact of threat, and findings that recall expectations mediated the relationship between instructional condition and performance provides some clues regarding the mechanisms behind threat effects. The fact that age, education, and stigma consciousness all moderated performance further highlights the fact that the effect of stereotype threat on older adults' memory performance is not universal across ages or individuals. The general finding that affective responses and working memory were not strongly predictive of performance following threat, but that performance expectations were, is consistent with emerging evidence regarding the importance of motivational mechanisms associated with the activation of positive and negative stereotypes in performance situations.
